
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADC033491

Approved for public release; distribution is
unlimited.

Distribution: Further dissemination only as
directed by Chemical Systems Laboratory, Army
Armament Research and Development Command,
Aberdeen Proving Ground, MD 21010, 28 NOV 2001,
or higher DoD authority. This document contains
export-controlled technical data.

ECBC memo dtd 18 Feb 2016



UNCLASSIFIED

AD NUMBER

ADC033491

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Distribution: Further dissemination only
as directed by U.S. Army Armament Research
and Development Command, Aberdeen Proving
Ground, MD, 21010, 28 Nov 2001, or higher
DoD authority.

FROM:

DoD Controlling Office: US Army Armament
Research and Development Command, Chemical
Systems Lab., ATTN: DRDAR-CLJ-IR, Aberdeen
Proving Ground, MD 21010.

AUTHORITY
USASBC, DA Form 1575, 28 Nov 2001; USASBC,
DA Form 1575, 28 Nov 2001

THIS PAGE IS UNCLASSIFIED



, . ., . .. ,o , ,,. ;k '"- , - • 2 . . . ,. . ., .. -, .. - -,

CONFIDENTIAL

SCHEMICALS SYSTEMS

LABORATORY US Army Armament Research and Development Command
L Aberdeen Proving Grotind, Maryland 21010

SPECIAL PUBLICATION ARCSL-SP-83015

PHYSICAL PROPERTIES OF STANDARD AGENTS, CANDIDATE AGENTS,

AND RELATED COMPOUNDS AT SEVERAL TEMPERATURES (U)

by

John B. Samuel
Elwin C. Penski

John J. Callahan

Chemical Branch

QResearch Division

June 1983

CLASSIFIED BY: Multiple Sources

DECLASSIFY ON: OADR

U=DTIC

* ELECTE
FEB 9 1984

C F IFILE co0y D
CONFIDENTIAL 4 02 9 58

- ~ ~ 8 02 90 508 ~~- & ~~ ~~I



(This p r-

UNCLASSIFIED

Disclaimer

The findings in this report are not to be construed as an

official Department of the Army position unless so designated by other

authorized documents.

Disposition

When this report is no longer needed, Department of the Army

organizations will destroy it as prescribed by AR 380-5. Navy and Air

Force elements will destroy it in accordance with applicable directions.

Department of Defense contractors will destroy the report as prescribed

by paragraph 19 of the Industrial Security Manual for Safeguarding

Classified Information. All other recipients will return the report

to the Commander, Chemical Systems Laboratory, ATTN: DRDAR-CLA/Clas Docu,

Aberdeen Proving Ground, Maryland 21010.
i

UI

UNCLASSIFIED4



UNCLASSIFIED " l ..

SECURITY CLASSIFICATION OF THIS PAGE (When Data Endered) t page is unclassifiedl
REPORT DOCUMENTATION PAGE 1RFAD INSTRUCTIONS

1-EFOKE COMPLETING FORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NI.ML3ER

ARCSL-SP-83015 r)(c.7 i" /
4. TITLE (and Subtitle) 5. TYPF OF REPORT & PERIOD COVERED

PHYSICAL PROPERTIES OF STANDARD AGENTS, Special Publication
CANDIDATE AGENTS, AND RELATED COMPOUNDS August 1970-September 1982
AT SEVERAL TEMPERATURES (U) 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(a)

John B. Samuel
Elwin C. Penski
John J. Callahan

9. PERFORMING OnGANIZATION NAME AND ADDRESS 10. PROGRAWM ELEMENT, PROJECT, TASKAREA & WORK UNIT NUMBCF1S
Commander, Chemical Systems Laboratory Ll61 IO2A7 IA

ATTN: DRDAR-CLB-CP IL16 2706A553

Aberdeen Proving Ground, Maryland 2101.0 IL762710AD61

t. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Commonder, Chemical Systems Laboratory
ATTN; DRDAR-CLJ-IR 13. NUMBER OF PAGES
Aberdeen Proving Ground, Maryland 21010

14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) IS. SECURITY CLASS. (of 'hit report)

CONFIDENTIAL
ISa. DECL ASSI F C ATION/ DOWN GRADING

SCHIEDULE
Declassify On: OADR.

16. DISTRIBUTION STATEMENT (of this Report)

I?. DISTRISUTION STATEMENT (of the abetract entered in Block 20, it different rom Reprt)

I8. SUPPLEMENTARY NOTES

1.KEY WORDS (Continue on revere. side If necessar end Identify by. block number)

Diffusion Coefficient Refractive Index Freezing Point

Density (Bulk, Liquid, Crystal) Boiling Point FlaGh Point
Coefficient of Expansion Dipole Moment Heat of Fusion
Viscosity Melting Point Heat of Sublimation

,0 Surface Tension Heat of Vaporization Heat of Combustion

20. A TRACT mC a r eyoe ebtta*we PD d IdeaIir by block numiino)

(UThe physical properties, extrapolated properties, calculated properties,
equation parameters, and references are listed for 55 agents, candidate
agents, and related compounds. The physical property data system is
described in general terms. Also, methods for the prediction of critical
properties, diffusion coefficients of vapors in air and viscosities of
vapors are described. The use, strengths, and weaknesses of the Antoine
equation are discusse

UuO~fTs UNCASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE tWhvn Data Entered)

IN& Page is unla1ssified I

-- %A . -- *r-- .'p .r I. ~ t .%-; 7-y. ;*



-- ~ - . CONFILaE l.A.i
UNCLASSIFIED ,JI pae b unclassified)

SECURITY CLASSIFICATION OF THIS PAGE(Wh n Data Ente.d)

19. Key Words

Autoignition Temperature EA 1728

Heat Capacity EA 1763

Thermal Conductivity EA 2261

Formula Weight EA 2337

Vapor Pressure EA 2361

Volatility EA 3307

Solubility EA 3430

Storage Stability EA 4349

Antoine Equation EA 4923

Oxygen Index EA 5265

Critical Properties EA 5365

Diffusion Coefficient EA 5389

Viscosity of Vapor EA 5403

EA 1033 HD EA 5414

EA 1034 L EA 5488

EA 1036 T
EA 1053 HN3

EA 1205 GA
EA 1207

EA 1208 GB
EA 1209 GE
EA 1210 GD
EA 1211 OH
EA 1212 GF

EA 1213
EA 1214
EA 1230

EA 1232
EA 1244

EA 1245
EA 1246

EA 1249

EA 1251 DF

EA 1253 DICL
EA 1255
EA 1258
EA 1261
EA 1262

RA 1263
EA 1264
EA 1274
EA 1356

EA 1508 VG
EA 1511 VP

EA 1517 VE
EA 1576

EA 1622
EA 1664 VM

EA 1677 VS

BA 1694
EA 1699

EA 1701 VX
EA 1724 QL

2 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(hon Do(. Entered)

~t4FI-aI11NL



I*o ", . . .' - -".. . . . . . . ... . ..- .'. ."- •" ' "- ." .-.

CONFIDENTIAL UNCLASSIFIED
fY~h page is un osslUyF

PREFACE

The work described in this report was authorized under Projects
1L161102A71A, Research in Defensive System for CW/BW; 1L762710AD61, Technical
Evaluation of Foreign Chemical Warfare Potential; and 1L162706A553, Chemistry
of Threat Agents and Chemical Technology. This work was started in August
1970 and completed in September 1982.

The use of trade names in this report does not constitute an
official endorsement or approval of the use of such commercial hardware or
software. This report may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permisasion of the Commander, Chemical Systems Laboratory, ATTN.
DRDAR-CLJ-IR, Aberdeen Proving Ground, Maryland 21010. However, the Defense
Technical Information Center is authorized to reproduce this document for
United States Government purposes.

Any suggestions or corrections for future editions should be directed
to John B. Samuel, (301) 671-2366 or Elwin C. Penski, (301) 671-3953.

Acknowledgments

The authors would like to thank the many individuals (too numerous to
acknowledge here) who worked on the measurement and documentation of the physical
properties. However, the sigrificant contributions of the following individuals
are recognized: Fredric Belkin, Harry A. Brown, Jr., Ann Brozena, Philip B.
Coulter, Donald Fielder, Robert J. Crula, Sarah San Agustin, James J. Savage,
Helen Walker, David Schneck, and Bernard H. Zeffert.

In addition, the author, would also like to acknowledge the friendly
cooperation extended by the Sperry Univac 1100/60 operators and the many other
Management Information Systems Support Division (MISSD) personnel.

c"salan Jor

DTIC TAD

Justificatlio

Dlstribution/_Code _
• £ llabilltY CodeS_

ane/or

lot Special

C ONFIDENTIAL
UNCLASSIFIED CONFisEntAI~U pge Isunclassified)

3

-~~~~l.r- Kr.-7 n ~~F' I. ~-



UNCLASSIFI ED

Blank

"UNCLASSIFI ED



'A

UNCLASSIFIED
CONTENTS (U)

Page

1. INTRODUCTION ................... .. ............ ...................... 7

2. PHYSICAL CHEMICAL DATA SYSTEM ........... ........ ......... .. 8

3. PREDICTIONSOFPHYSICAL PROPERTIES................................ 0
3.1 Critical Properties........... ........to......................... 10
3.2 Diffusion Coefficients............ .... .......... ............ o 13
3.3 Viscosity of Vapor. ....... . .... ..... ............................ 14

LITERATURE CITFD .................................... 15

APPENDIX A. LIST OF COMPOUNDS .................................... 17

APPENDIX B. PHYSICAL PROPERTY DATA ................... t............. 27

APPENDIX C. USE OF THE ANTOINE EQUATION TO FIT VAPOR PRESSUREDATA . . . . . . . . . . . . . . ................... 3 S * * *S 55 9 

DISTRIBUTION LIST ................................................... 367

UNCLASSIFIED
5



- ~ g - ~

I
UNCLASSIFIED

It

9
9

I
i
5

1 9

I C

Blank

UNCLASSI FlED
6

- --- --



CON FIDENTIAL
PHYSICAL PROPERTIES OF STANDARD AGENTS, CANDIDATE AGENTS, AND

RELATED COMPOUNDS AT SEVERAL TEMPERATURES (U)

1. (ii) INTRODUCTION

(U) A problem facing users of physical chemical properties of chemical
agents and related compounds has been the lack of a central source of reliable
data. Data are often scattered in various technical reports, journals and

9 laboratory notebooks. Many compilations of data fail to note original sources
or important experimental details. As a result, the physical properties used
in calculations in various technical reports are inconsistent and often not
the best data available.

(U) For over a decades efforts of chemists in the Physical Organic
Section have been directed toward providing an automated physical property
data system for chemical agents and related compounds. The characteristics
of the desired system are listed in table 1. To provide the maximum assistance
to the user of physical chemical properties of chemical agents, every effort
was ma.4e to obtain these characteristics.

(U) This report briefly describes the physical property data system
along with methods used to predict additional properties. A compilation of
physical, chemical and thermodynamic data and correlations is provided for
55 chemical agents and related compounds. A list of these compounds with
their chemical structures is given in Appendix A. In Appendix B, the
properties along with predicted properties are provided at temperatures of
-400, -200, 00, 200, 250 and 400C.

Table I. (U) Characteristics of the Desir~d Data System

S1. Use automation to ease access and to allow for upgrading of input.

2. Enter properties in formatted form so that each value is machine readable.

3. Evaluate all available data and use best data.

4. Combine data to extend the experimental data range where appropriate.

5. Calculate properties at any specified temperature.

6. Provide easy to read printout with readily apparent units.

7. Take all data from original sources with provided references.

18. Provide data ranges and warnings where extrapolations are performed.

UNCLASSIFIED

(This page is UNCLASSIFIED)
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2. (U) PHYSICAL CHEMICAL DATA SYSTEM

(U) All values for properties and equation parameters entered into the
data system are formatted and identified by property code and compound number.
Thus, all properties are machine readable except solubility which lists the
solvent in the reference field. Table 2 lists the major components of an 80
character input line.

Table 2. (U) Components of a Data Input Line

1. Compound code number

2. Compound letter codeI:3. Property or parameter code number

4. Property or parameter value

S. Temperature and/or upper or lover values
of temperature range

6. Reference field of up to 36 characters

UNCLASSIFIED

(U) Compounds are 'listed in order of their EA number. A system
of numbered codes was established to identify individual properties and
parameters. The compound numbers, names, and structures for compounds
contained in this report are tabulated in Appendix A.

(U) Considerable time and effort were spent locating, evaluating and
selecting physical chemical properties to be included in this system. The
data selected are considered the best available. When conflicting data were
found, selection was made primarily on the basis of experimental procedure
and reported sample purity. Therefore, the values in this system tend to be for
purified rather than technical grade material. When properties had been
extensively evaluated and documented in reviews, these values were used unless
better data had become available.

(U) Two types of equations are used in this system to describe physical
properties versus temperature. Where possible, data sets covering different
temperature ranges were combined to generate property parameters based on
extended temperature ranges.

(U) Antoine equations1 are used to describe both vapor pressure and
viscosity. The merits of the Antoine equation for fitting and extrapolating A

vapor pressure data are covered extensively in Appendix C. The Antoine equation
has been found also to work well for fitting and interpolating viscosity data.
However, for many of the compounds, the Antoine constants for viscosity were
generated from three points which covered a data range of only 250C. Extensive
extrapolation of viscosity for these compounds may result in a significant
error*

UNCLASSIFIED
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UNCLASSIFIED
(U) Density, refractive index, and surface tension are each expressed
as a linear function of temperature. The method of least squares was used to
generate equation parameters from the experimental data.

(U) The reference field allows up to 36 characters per property or set
of parameteri. Due to this space limitation, it was necessary to abbreviate
references. These references should be available in the Chemical Systems
Laboratory (CSL) Technical Library. Since some data are unpublished, it was
necessary to list CSL notebook (NB) numbers. Several unreferenced data points

* are included in the system despite substantial efforts to reference all infor-
mation. Additional information is sometimes provided in the reference field,
e.g., sample purity and other characteristics. In cases where the property
value was reported in the literature as a range, an average value was used and
the range was reported in the reference field.

(U) Numerous tests and warnings have been incorporated into this system
for the following reasons: (1) to prevent the calculation of meaningless data,
and (2) to warn the user when the calculated values fall outside the range of
the experimental data used in generating the input parameters. The most common
warning is "THE ABOVE VALUES ARE EXTRAPOLATED OUT OF THE DATA TEMPERATURE RANGE."

L Due to the small temperature coefficients, extrapolations of the linear functions
such as density and surface tension over broad temperature ranges are relatively
reliable. The viscosity, and vapor pressure, along with properties derived from
vapor pressure, undergo significant changes with temperature. Relatively poor
values for these properties could result from large extrapolations, particularly
when equations are Aerived from data collected over a narrow temperature range.
An extrapolation of vapor pressure over a 2000 temperature range could result
in errors of one magnitude or more in value. Tests and warnings also have
been incorporated into the data system to prevent extrapolation of data from
one physical state to another. Table 3 demonstrates how the system uses freezing
points (fp) (or melting points) and boiling points (bp) to classify a specified
temperature prior to calculating liquid properties. Appropriate statements
and warnings are printed along with the calculated values.

Table 3. (U) Test and Warnings

Classification Directed Action

1. bp < T Liquid properties are calculated at bp

2. fp, < T < bp Liquid properties are calculated at T

3. (fp-250C) < T < fp Liquid properties are calculated at T and it is
noted that these values are calculated for a
supercooled liquid

0 4. T < (fp-250C) Liquid properties are calculated nt the fp

5. No fp Liquid properties calculated at T with warning

that there is no fp available

No bp Liquid properties calculated at T with warning

L_____________ that there is no bp available

UNCLASSIFIED

UNCLASSI FIED
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.,* 3. (U) PREDICTIONS OF PHYSICAL PROPERTIES

(U) Early in the development of the physical chemical property data

system, it was realized that a great potential existed with this system forIpredicting additional properties. Bretsznajader's book, Prediction of Transport
and Other Physical Properties of Fluids,2 provided much help in selecting pro-
cedures which required properties consistent with those contained within this
data system. Various empirical relationships were added to the data systemto allow the prediction of critical properties, the viscosity of vapor, and

the diffusion coefficient of vapor into air.

3.1 (U) Critical Properties.

(U) Tht critical density, critical temperature, critical volume, and
critical pressure are calculated using the method of Filippov.3 The property
parameters used to calculate critical properties are the density equation
constants A and B, and the molecular weight. The following equation allows the

critical density (pc) in gm/ml to be calculated at T degrees Kelvin (0K).

Pc - 0.253 (0 - T T)(})

where p is the density of compound at temperature T, and dp/dT is the derivative

of density with respect to T.

Critical temperature (TC ) in OK is calculated using the following
relationship:

-1.95 ;c
C d/dT (2)

Critical pressure (PC) in atmospheres (atm) is calculated as follows:

RTcOc

c = 3.83 M

where R is 82.06 (ml atm/deg-mole), and M is the molecular weight.

The critical volume (VC ) is simply the gram molecular weight

divided by the critical density.

(U) Using Filippov's method, good estimates of critical properties should
be obtained when the following criteria are met for the density equation parameters:

UNCLASSIFIED
10
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a. Accurate measurements were made with pure material.

b. Experimental range is in an area where the vapor density is

small compared to liquid density.

c. dp/dT is constant over a broad temperature range.

(U) For most liquids, dp/dT is relatively constant. Highly associated

liquids are an exception. Water exhibits an abnormality at 40 C where dp/dT

* changes signs. Above 40C, the magnitude of dp/dT increases significantly with

increased temperature.

(U) Filippov3 found that errors in calculating critical properties

usually did not exceed 2 percent for pc and 3 percent for Tc. Literature

values for critical properties of chemical agents contained in this report
were not available; therefore, four test compounds were added to the system.
Table 4 contains a listing of the calculated critical properties and literature

values for these compounds. Input for the test compounds consisted of molecular
weights and density equation parameters. Density parameters were derived from

literature values of density at various temperatures over a range of 25 to 350C.
The 2-propanol was selected as a nonideal case. Due to hydrogen bonding, its

density is a nonlinear function of temperature.

(U) The estimated critical properties are in relatively good agreement with
the literature values for the first three compounds. The estimated critical

temperature for diethylamine is 22.5 0 C lower than the reported value; however, the
difference in absolute temperature is only 5 percent. The estimated critical
temperature for 2-propanol which is about 15 percent lower than the experimencal
value can be attributed primarily to the nonlinearity of its density versus

temperature relationship.

UNCLASSIFIED
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3.2 (U) Diffusion Coefficients.

The method of Othmer and Chen 7 is used to calculate the diffusion

coefficient of a vapor into air.

____ ____ .123

D 2 P = (2.52 X 107) 7 2. 7 4 [ (4)
12107+ 7Vc2 . 2

where D = the diffusion coefficient of component one into component
12

two in cm 2/sec

M = molecular weight of component one (vapor)

M 2 = molecular weight of component two (air)

P = pressure in atm

Vc = critical volume in ml of component one (vapor)

VC2 critical volume in ml of component two (air)

p= viscosity of air in centipoise (cP) at the desired temperature.

(U) The Vc of component one is calculated as described in the pre-

ceding section on critical properties. The value used for the molecular
weight of air is 28.958 while the Pc of air is reported to be 0.35 g/ml. 9

Thus, the Vc of air is calculated to be 82.71 ml. In this report, all cal-
culations of diffusion coefficients are made at one atm.

(U) The viscosity of air is calculated at the required temperatures
using the Sutherland1 0 equation for the influence of temperature on the
viscosity of gases. When the constants for air4 are substituted into the
equation, the following relationship is obtained:

.air - 0.001488 T 3 /2  (5)
T + 120

where pair is the viscosity of air at T in cP.

4 (U) Using diffusion coefficient literature values for 50 systems at
250 C, Othmer and Chen7 found an average absolute deviation of 5.75 percent.
In addition, they compared their calculated values for &n air-water system
between 25 and 12200 C to observed values and found an average error of 7.61

percent. Citing experimental difficulties, they concluded that their method,
as well as several more complex methods, should give values within experi-
mental error.

UNCLASSIFIED
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(U) Diffusion coefficients for the vapor into air for the four test
compounds were estimated in the physical property data system and included

in table 4. Estimated values agree within 7 percent for three of the com-
pounds while the fourth, diethylamine, agrees within 24 percent. The literature
value for the critical volume of diethylamine was then used to recalculate the
diffusion coefficient yielding a value of 0.069 cm2/sec.

3.3 (U) Viscosity of Vapor.

(U) The modified Sutherland's equation shown below was developed by

Licht and Stechert I0 and is used to calculate the viscosity of gases. With-
in the pressure range where viscosity is not dependent on pressure, the
equation allows the viscosity of a gas to be calculated from its critical

temperature, its critical pressure, and its molecular weight.

3 4 1/6Mc4 Tr3/2

6.30 X 10 Tc r  (6)

\ ~C Tr + 0.8(6

where p = viscosity of vapor in cP at T0K

M = molecular weight

P = critical pressure in atmC

T = critical temperature in OKc

T = reduced temperature - T/Tcr

(U) Licht and Stechert calculated the viscosity of gases for 23 com-
pounds and found that for 19 of the compounds, estimated values fell within
10 percent of the literature values. The remaining compounds were water,
helium, ammonia and ethanol. Estimated values for these compounds were
within 21 percent of the literature values.

1 0

(U) Table 4 lists the estimated and literature vapor viscosity values
for the four test compounds. Using the previously estimated critical pressures
and temperatures, the physical property data system was used to estimate the
viscosity of vapor for these compounds. While agreement within 4 percent was
obtained for the first three compounds, the estimated value for 2-propanol is
20 percent lower than the literature value. The deviation was reduced to 16
percent when the calculation was repeated using literature values for
critical properties. These results for 2-propanol are consistent with Licht
and Stechert's results for ethanol.

(U) It should be noted that highly associated compounds may not give
estimates as accurate as those given by the compounds found in table 4; the
data and compounds shown in table 4 were probably used to develop the esti-
mation techniques.

UNCLASSIFIED
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APPENDIX A

LIST OF COMPOUNDS (U)

Code Number
Code Name Name Structure

(U) EA 1033 Bis(2-chloroethyl)sulfide; CIC 2H4SC2H4Cl
(HD) Distilled Mustard

(U) EA 1034 2-Chlorovinyldichloroarsine ClCl-CHAeCl 2

(L)

(U) EA 1036 Bin [2(2-chloroethylmercapto) (CIC 2H4Sc2H4)20
(T) ethyl] ether

(U) EA 1053 Tris(2-chloroethyl)amine; (CIC 2H4)3N
(NH3) Nitrogen Mustard -3

(U) EA 1205 Ethyl NN-dimethylphosphoramido- CH3H Q
(GA) cyainidate j_1OC

-H /N 1 2 5S

3 CN

(U) EA 1207 Ethyl methylphosphonofluoridate

F

(U) EA 1208 2-Propyl n.thylphosphono- C 3
(GB) fluoridate CH - 0

F CH3

(U) EA 1209 2-Propyl ethylphosphono- 1 3
(GE) fluoridate CHI O-IH

F CH3

CH

(U) EA 1210 Pinacolyl methylphosphono- C43- -0-C!I-C(CH 3)3
(GD) fluoridate

UNCLASSIFIED
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(U) EA 1211 2-(4-Mthylpentyl)methyl- C14 - -0-CUIH C
(OH) phosphonofluoridate F C11,01H 3

(Ui) EA 1212 Cyclohexyl methyiphosphono- CUi 3?0(
(GF) fluoridate F -

(U) RA 1213 2,2-Dimethyipropyl CH L 3 l - -CH
methvlphosplonofluoridate F C1U 3

(U) EA 1214 2-Ethyihexyl methyiphosphono- -1C H
fluoridate CH- OH CHJ~

F

0

(Ui) RA 1230 2-Pbonoxyethyl methyl- 01 -P-O- .10
phosphonofluoridate 31 2*

(U) H.A 1232 Methyl methyiphosphonofluoridate -01 3- -OCH3

(U) RA 1244 2-Chloroethyl NN-dimethyl-CI
phosphoramidocyanidate CH,'N- JO-C2HC'

3 CN

(U) HA 1245 Methyl N,N-diethylphosphoramido- 2
cyanidate CS -- C

C 2H s CN

(U) BA 1246 Cyclopeutyl methyiphosphono- CH 3 J
fluoridate

£PPftdiz A UNCLASSIFIED
20
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(U) C~A 1249 2 Methylpropyl methyl- CH.- OCH 2c~
phosphonofluoridate I I

(U) EA 1251 Methyl phosphonic F- -ClCU3
(DF) difluoride

(U) EA 1253 Methyl phosphonic ClI~CH3

(U) E 125S 2-Butyl methyiphosphono- C -OI-l l
(U E 155 fluoridate CH-jO-j -CI U

(U) EA 12S8 1-Butyl methyiphosphono-CH3YO4H9
fluoridate F

(U) EA 1261 l-.Propyl methyiphosphono-013-0c H7
fluoridate

0H---6~
(U) EA 1262 1-Hexyl methyiphosphono- C -OC 1

fluoridate I

r ~~(U) EA 1263 1-Decyl methyiphosphono- C -- 0(H29C
fluoridate

(U) EA 1264 4-(2,6-Dimethylheptyl)CH C 3

methyiphosphonof luoridate2
CH -0-clCH

3 3

CH

Appedix A UNCLASSIFIED
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(Ui) EA 1274 2-I'cntyl mothylphos- CH3-.,*
phonofluoridate "'- 0-CiH(CH 3 )CH2CH2 H3

*(C) EA 1356 (Racemic) 2-methylcyclo-
*hexyl methyiphosphono- CH p

fluoridate

(U) EA 1508 0,0-Diethyl S-(2-diethyl- c H5O01
(VG) aminoethyl) phosphoro- 00,PS H 5)2

thioate c2 H5 3  CH3

(U) EA 1511 3-Pyridyl 3,3,5-trimethyl-
(VP) cyclohexyl methyiphosphonate CH A -H

N

(U) EA 1517 0-Ethyl S- (2 -diethylanino- c -

(VE) ethyl) ethylphosphonothioate 
4 - 2H4NC2H0

C2 H 5  (a/ 5)

(U) EA 1576 2 -Ethoxycarbonyl -1-methyl - CH 3 -P -CH -C-0C 2 H 5
vinyl 3 -methylcyclohexyl
methyl phosphonat e

A3
(U) EA 1622 0-Isopropyl S-(2-diethyl- CH 3aininoethyl) methylphosphono- NIP-SC 2 H4 N(C2 H )2

c 3 CH 3

AP~erdix A CONFIDENTIAL
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(U) EA 1664 0-Ethyl S-(2-diethylanino- CH3
(VM) ethyl) methylphosphonothioate c 2 Hs sc 2H 4 N(C 2H5)2

(U) EA 1677 0-Ethyl S-(2-diisopropyl- 2H

(VS) sininoethyl) ethylphosphono- 5 -2A4NH( 3 2
thioate c Ho )

(U) EA 1694 0-Ethyl S-(2-dimethylauino- C 2HJ
ethyl) ethylphosphonothioate kP -SC H N(CH3)

/C2H4 3)

(Ul EA 1699 0-Ethyl S-(2-dimethylanino- CH50

ethyl) methylphosphonothioate -I-SC H N(CH3)

(U) EA 1701 0-Ethyl S-(2-diisopropyl- CH3
(YX) suinoethy,1) methyiphosphono- J -c2H4NHC 2

thioate c H / o

(U) EA 1724 0-(2-Diopropylaminoethyl) CH 1,-C HC
(QL) 0-ethyl nothyiphosphonite c H 0 C 2H 4 CHC 3 212

(U) B 1728 0-sopopyl S-(2-diisopropyl- C
(U)BA 728 asizoethyl) mothylphosphono- CH3..SC HN 212H

thioate (CH 3)2 CHO/ 2 J )]

Appenix AUNCLASSIFIED
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UNCLASSIFI ED

(U) EA 1763 O-n-Propyl S-(2-diisopropyl- Oft3
aminoethyl) methylphosphono- -Sc" N N ip
thioate / 24 j" 3~

methylphosphonflfuorido- CH -

thioate 3\

CH 3

(U) EA 2337 0-Pinacolyl methyiphos-
phonofluoridothioate 3 H

o-CH(CH 3)C(CH 3)3

S\ F
(U) EA 2361 0-Cyciopentyl methyl- Cit3 -P,

phosphonofi uoridothioate

(U) EA 3307 2,5-DimethylcyclohexylCH3H
methyl phosphono -
fluoridate 

0-

CH 3

0 IF

(U) EA 3430 2-Mthylcyclopentyl CH /
nethylphosphono - -
fluoridate 0

CH 3

(U) PIA 4349 Cyclooctyl methyiphos- CH 3-\p
phonofluoridate\

Apedtx A UNCLASSIFIED 0-
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(U) EA 4923 1-Methoxy cycloheptatriene 4-H3

(U) EA 526S 2,4-Dimethylcyclahexyl C
methylphosphono - 3 H

H-o 3
(C) EA 5365 2 -Dimethylaininoethyl N ,N- (CH3 )2 -NLo.-c 2 H 4 -N- (CH3)

dimethylphosphoramnidofluoridate3

(U) EA 5389 0-2,4-Dimethylcyclobexyl CH

ntethylphosphonofluoridothioate 3

'0 CH 3

H-
3

(C) EA 5403 l-.Dimethylamino-2-propyl (H CCI2NC )
N,N-dimethylphosphoramido.. 3)- - CHHN(H

CH3

(C) EAS414 l-Dimetbylamino-3-propyl (F[3)2N10CHNC
(C E 514 N N-dierethylphosphoramido- (H) N- .o 3  6-N(C 3)2

fluoridate F

*(C) EA 5488 3-Quinuclidyl-N,, - (CH3 )2 N-~-
d imethyiphosphoramido-
fluoridate

Appendix A C0ONFI DENTIAL
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APPENDIX C

USE OF 'ME ANTOINE EQUATION TO FIT V24TOIRSSURE u/rT (U)

(U) Vapor pressure data playa an importait role in the devMj nt oi
de.fense against chemical agents; some areas ,here vapor prrUu:-. n . a
critical role are listed in Table C-I.

Table C-1. (U) Areas in Which Vapor Pre zuires Play
Critical Role in Chemical De.oe

Perc'itaneous toxicity

Fabric penetration by vapor trausfer

Inhalation toxicity

Persistency and threat calculationa

- Chemical decontamination activity coefficienc 3
of kinctic equation"

Dissemination

Munition design

Doctrine studies

Jet exhaust decoutamination

(U) The Antoine equation is defined as fo!!oc

Log1 0 P - A-B/(t+c.) (C-

Where P - vapor preonure,

t - temperature in ecntigrade. and

A. B, & C s constants.

z arne 0n)tantos that vary widely for diffcrent cummpounde. C is a con-
st&nt that does uct vary greatly from compou-id to cozeound mnd i frequently
close to 230.

"!s) A racont data compilation questi&-w the uac of th ..... euto
uat-.... nhe uwoft_ equation

.,oich is used extensively in this report., In tfereuce 2. ,; , ateJ hi
tLh AntoiaL equation fits the data well "'but gqv;s unea .,.: clly high valuef-,
at highe.r temperaturesi." Ko justification "Or hi -~no V -Irid

rend I . C



U U,

(U) able C-2 1lis~ts t1, .ons why tht, Antoine eq(ulAt iu. !i- V .r

chosun ; or correlating and c, trapolating vapor pre.:;sure data .. *:upolx:

(.;Caling with fitting data to the Antoine equation do occur with the c Lr - - at

c-ioter program; 3 see table C-3. However, studies are being Ccmw-tuct--1 . theske

problemns and preliminary results have been reported by Celmins.4

Table C-2. (U) Advantages of Using the Antoine
Equation for Extrapolations

11. Nuerouscomparisons with other equations have been re-

porte Nueru published literature.

ja. The Antoine equation:
0 accurately fitg the data of hundreds of cc.'poun ds over

a wide range of temperatures.

a is close to the Clau.sius-Clapeyron equation.

hc or-iy three parameters.

ocontains no polynomials.

1;,jle C-3. (U) Problemzs in Using the Antoine Equation

1. Current computer program3 gives an estimate of the quality
oi fit, but does not give an estimate of error of specific
vapor pressures.

12. While the program fits the data very well, there~ are sor~e

logical problems in the routine (not in the Antoine equa tionl
that might reduce the quality of extrapolations.

*. Antoine equation extrapolations close to the critical point

tend to be low.

of he iteatue ad i-hose esproe many equations. A nembe r of physical

tecorrectness'of this decision. Trump5 states, "In each case Z-he Arnto-inc

()Tnct con6s,2nsun6inth chemical l-itirature is that t:he

e~~eI ~o giesgood fite at low temperatures; but, the extrapolatio-.z up
toe areduced temperature of 0.75 with the Antoine equation result in low
VRIVuos. Therefore, equztions 1 and 2(reference 2) which give even lower

Scann~ot provide superior extrapolations as reportcd. 'Fhe er-rors, in-
c~cdfrom the uss of such equation s arc quite lre iu c-!Ich

362



UNCLASSIFIED
that equation 1 (reference 2) does not pass through any of the data points

and that equation 2 passes through only the top two points, an insufficient

number for the extrapolation of a curving line. Equation 2 actually goes

through a maximum vapor pressure at the highest temperatures.

10.00

5.00

0.00

-10.00
.J5

BATTELLE, EQUATION 1

BATTELLE, EQUATION 2

- ANTOINE EQUATION-

-15.00 * EXPERIMENTAL POINTS

-2~o -- II ,I I._

10.00 15.00 20.00 25.00 30.00 35.00 40.00

IT 10-4

Figure C-I. (U) Comparison of Antoine Equation With Other Equations.

UNCLASBI1FL

Appenc'ix c IUkCLASSIF"'D

363



Blank

364



UNCLASSIFIED
LITERATURE CITED (U)

1. Antoine, M. C. Thermodynamics-Vapor Pressures: A New
Relation Between Pressures and Temperatures. Comptes Rendus. 107, 681
(1888).

2. Tomlinson, G. J., and Samuel, A. H. Chemical Systems
Laboratory Contract Report CR-80051. Literature Surve, of Physical and
Chemical Properties of Agents VX, GD, HD and HL. Vol. I. Battelle,
Washington Operations. July 1980. UNCLASSIFIED Report.

3. Penski, E. C., and Latour, L. J. Edgewood Arsenal
Technical Report EATR 4491. Conversational Computation Method for
Fitting the Antoine Equation to Vapor Pressure-Temperature Da~a.
February 1971. UNCLASSIFIED Report.

4; Celmins, A. Ballistic Research Laboratory Interim
Memorandum Report 741. Error Analysis of Vapor Pressure Measurements.
April 1982. UNCLASSIFIED Report.

5. Trump, W. N. Comparison of the Antoine Equation and
a 3 Term Chebysnev Equation for Correlation of Vapor Pressures. Computers
and Chemistry. 4, 117 (1980).

6. Ambrose, D. The Correlation and Estimation of Vapor
Pressures, p 193. Proceedings of the National Physics Laboratory,
Conference on Chemical Thermodynamic Data on Fluids and Fluid Mixtures.
IPC Science Tech Press, Guilford England.

UNCLASSIFIED
365



UNCLASSIFIED

Blank

UNCLASSIFIED
366



DISTRIBUTION LIST 2

Names Copies Names Copies

CHEMICAL RESEARCH AND DE'VELOPMEMNT CENTER Federal Emergency Management Agency

Offire ol Research/NPP

ATTN: DRSMC-CLB (A) 1ATTN: Divid W. Bensen

ATTN: DRSMC-CLB-C (A) I Washingtan, DC 20472

ATTN: DRSMC-CLB-PO (A)I
ATTN: DRSMC-CLB-R (A) 1 HQDA (DAMA-CSS-C)

ATTN: DRSMC-CLS-RCM) (A) Washington, DC 20310

ATTN: DRSMC-CL8-R(S) (A) I

ATTN: DRSMC-CLB-T (A) I HQ Sixth US Army

ATTN: DRSMC-CLC-B (A) 1 ATTN: ARKC-OP-NBC
A7TN: DRSMC-CLC-C (A) 1 Presidio of San Francisco, CA 94129
ATTN: DRSMC-CLC-E (A) 1
ATTN: DRSMC-CLF (A) I Commander
ATTIN: DRSMC-CLJ-IL (A) 2 DARCOM, STITEUR

ATTN: DRSMtU-CLj-JR (A) 1 ATTN: DRXST-STI

ATTN: DRSMC-CLJ-M (A) 1 Box 48, APO New York 09710

ATrTN: DRSMC-CLN (A)1

ATTN: DRSMC-CLT (A) 1 Com~mander
ATTN: DRSMC-CLW-C (A) 1 USASTCFEO

ATTN: DRSMC-CLW-P (A) 1 ATTN: MAJ Mlkeworth

ATTN: ORSMO-CLY-*A (A) 1 APO San Francisco 96328
ATTN: ORSMC-CLY-R (A) 6

Commander
COPIES FOR AUTHOR(S) USA Nuclear & Chemical Agency

ATTN: DRSMC-CLB-CP 13 ATTN: MONA-WE

RECORD COPY: DRSMC-CLB-A (A) 1 7500 Backlick Rd, Bldg 2073
Springfield, VA 22150

DEPARTMENT OF DEFENSE

Army Resea~rch Office
Administrator ATTN: DiR(R0-CB (Dr. R. Ghirardoll)

Defense Technical Information Center P.O. Box 12211
ATTN: OTIC-DOA-2 2 Research Triangle Park, NC 27709
Cameron Station, BuildIng 5
Alexandria, VA 22314 OFFICE OF THE SURGEON GENERAL

Director Commander
Defense Intelligence Agency4 USA Medical Bloengineering Research
ATTN: DB-4G1 1snd Deveopment Laboratory
Washington, DC 20301 ATTN: SGRD-IJBD-AL, Bldg 568

Fort D-itrick, Fred~rick, MD 21701

Commander
USASED, USAINSCOI Commander
ATTN! IAFM-SED-111 1 USA Medical Research Institute of
Fort M~eade, MV' 20755 Chemical Defense

ATTN: SGRD-UV-L

FDEPARTMENT OF THE.ARMY Aberdeen Proving Groun.d, MD 21010

NQDA (DAW)j-NCC)1

WASH DC 20310

UNCL-ASWIRFED
367



UNCLASSIFIED
Commander Comma nder

US Army Envlronmintal Hygiene Agency USA Natick Research and Development

ATTN: HSHB-O (B. Donovan) I Laboratories

Aberdeen Prov~ng Ground, MD 21010 ATTN: DRDNA-O I

ATTN: DRDNA-IC I

US ARMY MATERIEL DEVELOPMENT AND ATTN: DRDNA-IM I

READINESS COMMAND ATTN: DRCNA-ITF (Dr. Roy W. Roth) 2

Natick, MA 01760

Comwmander
HQ, DARCOM US ARMY ARMAMENT, MUNITIONS AND

ATTN: DRCEr) (BG Robinson) CHEMICAL COMMAND

5001 Eisenhower Ave
Alexa.drIa, VA 22333 Commander

USA Armament, Munitions and

Commander Chemical Command

USA Materiel Development and ATTN: DRCSI-ASN (R) 1

Readiness Command ATTN: DRCSM-IRW (R)

ATTN: DRCSF-P 1 Rock Island, IL 61299
5001 E'senhower Ave
Alexunsria, VA 22333 Commander

USA Dugway Proving Ground

Project Manager Smoke/Obscurants ATTN: Technical Library (Docu Sect)

ATTN: DRC*M-SNK-S 3 Dugway, UT 84022

Aberdeen Praving Ground, ND 21005

US ARMY ARMAMENT RESEARCH AND
Commander DEVELOPMENT CENTER

USA Foreign Science & Technclogy Center

ATTN: DRXST-NT3 1 Commander
220 Seventh St., NE USA Armement Research and
Charlottesville, VA 22901 Development Center

ATTN: DRSMC-LCA-L (D) I

Director ATTN: DRSMC-LCE-C (D) I
USA Materiel Systems Analysis Activity ATTN: DRSMC-LCU-CE (D) I
ATTN: DRXSY-P I ATTN: DRSMC-SCA-T (D) I

ATTN: DRSY-CR (Mr. Netz) 1 ATTN: DRSMC-SCM (D) I
Aberdeen Proving Gr'und. ND 21005 ATTN: DRSMC-SCP (D) I

ATTN: DRSMC-SCS (D) 1
Ommaonder ATTN: DRSMC-TDC (D) (Dr. D. Gyorog) I
USA MIssile Commend ATTN: DRSMC-TSS (D) 2
Redstone Scientific informatlon Center ATTN: DRCPM-CAWS-AM (D) I
ATTN: DRSNI-RPR (Docucents) I Dover, NJ 07801
Redstone Arsenal, AL. 35898

USA Armament Research and
0irecor Development Center
DARCOM Field Safety Activity Resident Operations Office
ATTN: DRXOS-C I ATTN: DRSMC-TSE-OA (Robert Thresher)
Cherlestown, IN 47111 National Space Technology Laboratories

NSIL Station, Miss!ssippl 39529

Commander

AMMCOM
ATTN: DRSMC-QAC-E (A)

Aberdeen Proving Grouiid, MD 21010

UNCLASSIFIED
368



UNCLASSIFIED
Commar.der Commander

USA Technical Detachment USA Combined Arms Center and

US Naval EOD Technology Center Fort Leavenworth

Indian Head, MD 20640 ATTN: ATZL-CAM-IM
Fort Leavenworth, KS 66027

US ARMY TRAINING & DOCTRINE COMMAND
US ARMY TEST & EVALUATION COMMAND

Commandant
USA Infantry School Commander

ATTN: CTDD, CSD, NBC Branch I USA Test & Evaluation Command

Fort Benning, GA 31905 ATTN: DRSTE-CT-T
Aberdeen Proving Ground, MD 2105

Comma ndant
USA Missile & Munitions Center DEPARTMENT OF THE NAVY

and School

ATTN: ATSK-CM 1 Chief of Naval Research

ATTN: ATSK-TMt I ATTN: Code 441

Redstone Arsenal, AL 35898 800 N. Quincy Street

Arlington, VA 22217

Commander
USA Logistics Center Project Manager

ATTN: ATCL-MG I Theatre Nuclear Warfare Project Office

ATTN: OLSIE 1 ATTN: PM-23 (Dr. Patton)

Fort Lee, VA 23801 ATTN: TN-09C

Navy Department

Commandant Washington, DC 20360

USA ChemI:al School
ATTN: ATZN-CM-C 1 Commander

ATTN: ATZN-CM-AFL 2 Naval Explosive Ordnance Disposal

ATTN: ATZN-CM-TPC 2 Technology Center

Fort McClellan, AL 36205 ATTN: AC-3

Indian Head, MD 20640

Commander
USAAVNC Commander
ATTN: ATZQ-D-MS 1 Naval Surface Weapons Center

Fort Rucker, AL 36362 Code G51
Dahlgren, VA 22448

Commander
USA Infantry Center Chief, Bureau of Medicine & Surgery

ATTN: ATSH-CD-MS-C I Department of the Navy

Fort Benning, GA 31905 ATTN: MED 3C33
Washington, DC 20372

Commander

USA Training and Doctrine Command Commander
ATTN: ATCD-N 1 Npval Air Development Center

Fort Monroe, VA 2-651 ATTN: Code 2012 (Dr. Robert Helmbold)

Warminster, PA 18974

Commander
USA Armor Center US MARINE CORPS

ATTN: AT2(-CD-MS 1

ATTN: ATZK-PPT-PO-C I Commandant
Fort Knox, KY 40121 HQ, US Marine Corps

ATTN: Code LMW-50

Washington, DC 2030

UNCLASSIFIED
369



CDHFIDERUNLASIIE
(This page is unclassifiedl UNCLASSIFIED

USAF SC

Command!ng G3neral ATTN: AD/YQ

Marine Corps Development and ATTN: AD/YQO (MAJ Owens)

Education Command Eglin AFB, FL 32542

ATTN: Fire Power Division, D091

Quanllco, VA 22134 AD/XRO

Eglin AFB, FL 32542

DEPARTMENT OF THE AIR FORCE

USAFSAM/VN

Department of the Air Force Deputy for Chemical Defense

Headquarters Foreign Technology Division ATTN: Dr. F. Wesley Baumgardner

ATTN: TQTR 1 Brooks AFB, TX 78235

Wright-Patterson AFB, OH 45433

AMD/RDTK

ASD/AESD 1 ATTN: LTC T. Kingery

Wright-Patterson AFB, OH 45433 Brooks AFB, TX 78235

AFAMRL/TS AMD/RDSM

ATTN: COL Johnson I Brooks AFB, TX 78235

Wright-Patterson AFB, OH 45433

AID/ROSX

AFAMRLIHE Brooks AFB, TX 78235

ATTN: Dr. Clyde Reploggle

Wright-Patterson AFB, OH 45433 OUTSIDE AGENCIES

AFWAL/FIEEC (Wendell Banks) I Oattelle. Columbus Laboratories

Wright-Patterson AFB, OH 45433 ATTN: TACTEC

505 King Avenue

HQ AFSC/SDZ 1 Columbus, OH 43201

ATTN: CPT D. Rledlger

Andrews AFB, MD 20334 Toxicology Information Center, JH 652
National Research Council

HQ, AFSC/SDNE 1 2101 Constitution Ave., NW

Andrews AFB, NO 20334 Washington, DC 20418

HQ, AFSC/SG8 1 Center for Disease Conrrol

Andrews AFB, DC 20334 ATTN: Logging Control Oiflcer
Mrs. M. Brocato (W.L.Wobb)

HQ, NORAD Atlanta, GA 30333
ATTN: J-3TU

Peterson AFS, CO 80914 Di rector

Central Intelligence Agency

HQ AFTEC/TEL ATTN: AMR/ORD/DD/S&T

Kirtland AFB, Nl 87117 Washington, DC 20505

USAF TAWC/THL 1 ADDITIONAL ADDRESSEE

Eg~ln AFF, FL 32542

-Commandant

AFATL/DLV I Academy of Health Sciences, US Army

Eglin AFB, FL .;542 ATTN: HSHA-CDH I

ATTN: HSHA-IPM 2

Fort Sam Houston, TX 78234

UNCLASSIFIED CONFIDENTIAL
370 ( 'Im page is unclossified



UNCLASSIFIED m page'la unclassified)
Commander AFATL/DLV (Dr. J. Carnette)
Chemical Research and Development Center Eglin AFS, FL 32542
ATTN: DRSMC-CLB-CP I
ATTN: DRSMC-CLB-P I AD/DLV (Lt E. Frazer)
ATTN: DRSMC-CLC 1 Eglil AFB, FL 32542
ATTN: DRSMC-CLD I
ATTN: DRSMC-CLN-D I Commanding Officer
ATTN: DRSMC-CLP 1 Naval Intelilgence Support Center
ATTN: DRSMC-CLW 1 4301 Sultlend Road
Aberdeen Proving Ground, MD 21010 Wash'ngton, DC 20390

Commander Chlef of Naval Research
US Army Armement Research and ATTN: Code 443

Development Center 800 N. Quincy St.
ATTN: DRSMC-RAI-C (A) (Mr. A. Pflster) 2 Arlington, VA 22217
Aberdeen Proving iround, ND 21010

Commander
Director Naval Weapons Center
USA Armament Research and ATTN: Code 343 (Tech Library)

Development Center (BR.) China Lake, CA 93555
ANCCOM
ATTN: DRSC-TSO-S 1
Aberdeen Proving Ground.Nd 21005

UNCLASSIFIED CONFIDENTIAL
371 T1hb page is undO0



DATE
REQUEST FOR/OR NOTIFICATION OF REGRADING ACTION 28 November 2001

For use of this form, see AR 380-5; the proponent agency is OACSI.

READ INSTRUCTIONS ON REVERSE SIDE BEFORE COMPLETING THIS FORM

TO: (include ZIP Code) FROM: (include ZIP Code)

Defense Technical Information Center (DTIC) Commander, U.S. Army Soldier and Biological Chemical
8725 John J. Kingman Road, Suite 0944 Commander, ATTN: AMSSB-SIS (Mr. McClain)
Fort Belvoir, Va 22060-6218 Blackhawk Road, Aberdeen Proving Grounmd, MD

21010-5424

XTHE DOCUMENT(S) DESCRIBED BELOW HAS/HAVE BEEN REVIEWED FOR REGRADING AND ACTION HAS BEEN TAKEN AS
INDICATED. APPROPRIATE ACTION SHOULD BE TAKEN TO MARK YOUR COPIES AND NOTIFY ALL RECIPIENTS TO WHOM
ADDITIONAL DISTRIBUTION WAS FURNISHED IN ACCORDANCE WITH AR 380-5. DOCUMENTS CONCERNING THIS SAME
SUBJECT SHOULD BE REVIEWED FOR POSSIBLE REGRADING.

]REQUEST DOCUMENT(S) DESCRIBED BELOW BE REVIEWED TO DETERMINE WHETHER THEY CAN BE DOWNGRADED OR
DECLASSIFIED AT THIS TIME. (Include justification in the *REMARKS' section of this form.)

D REQUEST APPROPRIATE CLASSIFICATION/REGRADING INSTRUCTIONS FOR DOCUMENTS DESCRIBED BELOW.

DESCRIPTION CLASSIFICATION/

CONTROL NUMBER (TYPE, FILE REFERENCE, UNCLASSIFIED SUBJECT OR SHORT TITLE, REGRADING INSTRUCTIONS
INDORSEMENTS, INCLOSURES)

OLD NEW

ARCSL-SP-83015 Physical Properties of Standard Agents, Candidate Agents, and Related C U
/q' 12..-i/ / Compounds at Several Temperatures

PRINTED OR TYPED NAME AND TITLE OF OFFICER SIGNTURE
Marlin Julian
Chief, Edgewood Area Security Team

DA FORM 1575, SEP 77 EDITION 1SEP r OBSOLETE. USAPPC V3.00



REMARKS

Even though these documents are not classified, they are not cleared for public release. The following statement should apply.
This information is subject to EXPORT CONTROL LAWS. These documents contain techical data whose export is
restricted by the Arms Export Control Act (Title 22 U. S. C Sec. 275 1, et. seq) or Executive Order 12470. Violators of these
export laws are subject to severe criminal penalties.

ACTION TAKEN OR RECOMMENDED BY RECIPIENT

INSTRUCTIONS
1. Prepare sufficient number of copies to furnish one copy 3. The abbreviations authorized by DoD) 5200.1 -R and AR
to each addressee of the original document and one copy 380-5 will be used to indicate the old and new classifications
for retention. Entries on form may be printed in ink, and regrading instructions. Include declassification dates.

2. Care will be taken to completely identify the document(s) 4. When the document(s) will be regraded upon the occur-
being regraded to prevent error by the recipient. All rence of an event, the classification will be followed by an
inclosures being regraded will be accounted for. When cover- asterisk (*) and the event described at the bottom of the
ing document only is being regraded and there are inclo- form or in the "REMARKS" section, above.
sures (classified or unclassified) which are not being regraded,
the symbol "nlc" will be entered in the OLD/NEW columns. 5. When the form is used as a request for review, the need
The regrading form will contain unclassified information only. for a lower classification for the document or documents
Short titles will consist of the first letter of each word in the will be shown.
subject or title except when a formal short title has been assigned.

REVERSE OF DA FORM 1575 USAPPC V3.00








